P
lant reoviruses, comprising the genera Phytoreovirus, Fijivirus, and Oryzavirus, cause diseases of numerous important crops and are transmitted by insect vectors in a persistently propagative manner (21, 23, 28) . For control of such viruses, understanding their mode of transmission and replication is critical. For a persistently propagative plant virus to be transmitted by its vector, the virus ingested by insect feeding on infected plants must enter the epithelial cells of the alimentary canal and then replicate and assemble progeny virions to move into the salivary glands, from which the virus can be transmitted to more plants during feeding (10) . Viral replication and assembly of progeny virions, critical for the propagation of plant reoviruses in their insect vectors, are thought to occur in viroplasms (21, 23, 28) , which contain viral proteins, viral particles, and viral RNAs.
Southern rice black-streaked dwarf virus (SRBSDV), a tentatively identified species in the genus Fijivirus, which is transmitted by the white-backed planthopper (WBPH; Sogatella furcifera Horváth), has spread rapidly throughout southern China and northern Vietnam and can severely damage rice (16, 29, 33, 34) . The icosahedral, double-layered particles of SRBSDV are ca. 70 nm in diameter and contain 10 segments of double-stranded RNA (dsRNA) (29, 34) . Phylogenetic analyses showed that SRBSDV, the first WBPH-borne reovirus to be identified, is most closely related to but distinct from Rice black-streaked dwarf virus (RBSDV), also a fijivirus (29, 34) . Comparing the different genomic segments of SRBSDV to their counterparts in RBSDV suggests that SRBSDV encodes at least six putative structural proteins (P1, P2, P3, P4, P8, and P10) and five putative nonstructural proteins (P6, P7-1, P7-2, P9-1, and P9-2) (29) .
Among the putative structural proteins encoded by SRBSDV, P1, P2, and P4 are a putative RNA-dependent RNA polymerase, a core protein, and an outer-shell B-spike protein, respectively (29, 32) ; P3 is a putative capping enzyme (29, 32) ; and P8 and P10 are putative core and major outer capsid proteins, respectively (12, 29) . Among the putative nonstructural proteins encoded by SRBSDV, P6 is a viral RNA-silencing suppressor (18) ; P7-1 is the major constitute of the tubules and has the intrinsic ability to self-interact to form tubules in non-host insect cells (16) ; and P9-1 of SRBSDV has about 77% amino acid identity with its counterpart, P9-1 of RBSDV (29) . In RBSDV, P9-1 forms an octameric, cylindrical structure in vitro and accumulates in the matrix of viroplasms in virus-infected cells (1, 12) . As a major constitute of the viroplasm, P9-1 is thus likely to play an important role in the formation of viroplasm (1) . Therefore, P9-1 of SRBSDV may also be essential for viroplasm formation during viral infection in the host plant and insect vector. However, the precise function(s) of the proteins in viroplasm formation and viral replication of plant reoviruses is poorly understood due in part to the lack of a reversegenetics system and useful culture systems for their respective insect vectors.
Insect vector cells in monolayer (VCM) is an in vitro experimental system with notable advantages over the use of whole intact insects for investigating plant viruses (5, 24) . This is due to its capability of obtaining a uniform viral infection, which enables us to follow synchronous viral multiplication (24) . The VCM also provides a very sensitive bioassay system for tracing the fate of viral infectivity under different conditions (24) . We have already used VCMs derived from the leafhopper that transmits Rice dwarf virus (RDV), another phytoreovirus, to clarify that the Pns12 nonstructural protein of RDV plays a key role in the formation of viroplasms and in recruiting viral assembly complexes to the vi-roplasms in VCMs (31) . We thus adapted the VCM system for WBPH, the vector of SRBSDV, to trace the infection and multiplication process of virus.
To further investigate the functional roles of viral proteins in the infection cycles of plant reoviruses in insect vectors, here we used RNA interference (RNAi), a conserved sequence-specific gene silencing mechanism that is induced by dsRNAs (6) . By exploitation of its ability to efficiently silence gene expression, RNAi has been used in mammalian, insect, and plant cell studies to characterize the function of numerous genes (3, 4, 11, 20) . It has also been used to interfere with the replication of animal reoviruses (7, 15, 17) , which are closely related to plant reoviruses. We thus introduced dsRNA from the P9-1 gene of SRBSDV into VCMs or the intact insect to knock down the expression of the P9-1 gene and examine the subsequent effect on viroplasm formation and viral replication.
In this study, by growing a primary cell culture of WBPH in a monolayer (VCM) and using the RNAi strategy, we could elucidate that the P9-1 nonstructural protein of SRBSDV functions in the assembly of viroplasm and viral replication. The P9-1 nonstructural protein appeared to be the major constituent of the matrix of viroplasms where viral RNA, major outer-capsid protein P10, and viral particles accumulated in virus-infected VCMs. RNAi induced by dsRNA from the P9-1 gene in VCMs or the intact insect strongly inhibited such viroplasm formation, preventing efficient viral replication in vitro and in vivo. Development of RNAi and VCMs can thus overcome the lack of a reverse-genetics system for persistently propagative plant viruses and advance our understanding of the biological activities of viral proteins in the replication cycle in insect vectors.
MATERIALS AND METHODS
Virus and antibodies. Rabbit polyclonal antisera against the P9-1 nonstructural protein and the P10 major outer capsid protein of SRBSDV (29, 33, 34) were prepared. The P9-1 and P10 genes from an SRBSDV isolate from Hunan Province, China, were amplified by reverse transcription-PCR (RT-PCR), and the products were purified and engineered into Gateway vector pDEST17 (Invitrogen). The resulting pDEST17-P9-1 and pDEST17-P10 plasmids were then used to transform Escherichia coli strain Rosetta and expressed by adding isopropyl-␤-D-thiogalactopyranoside (IPTG) (Sigma) (1 mmol/liter). Cells were harvested and sonicated. The final suspension containing P9-1 or P10 protein was purified with nickel-nitrilotriacetic acid (Ni-NTA) resin (Qiagen), and rabbits were immunized with the purified proteins, as described previously (27) . IgG was isolated using specific polyclonal antiserum and a protein A-Sepharose affinity column. Eluted IgG was dialyzed exhaustively against phosphatebuffered saline (PBS). The IgG was conjugated directly to fluorescein-5-isothiocyanate (FITC) or rhodamine according to the manufacturer's instructions (Invitrogen).
To detect the specificity of P9-1 and P10 antibodies of SRBSDV, we extracted total plant proteins from 1 g of either SRBSDV-infected or healthy rice plants. SRBSDV was crudely purified from infected rice plants as previously described by Miyazaki et al. (22) . The proteins and solution of purified viruses were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), transferred onto a polyvinylidene difluoride (PVDF) membrane, and detected on immunoblots using prepared antibodies as described previously (27) .
Establishment of primary cell cultures derived from WBPH. Primary cell cultures derived from WBPH were established by adapting the protocol described by Kimura and Omura (14) . In a preliminary test, WBPH embryos at the blastokinetic stage were found to be a suitable source for primary cell cultures. This stage can be recognized by the appearance of red eye spots on the eggs on day 8 after oviposition. Embryos at this stage were sterilized with 70% ethanol, washed with Tyrode's solution (13, 14) , and then crushed with a sterilized pestle into tissue fragments. The tissue fragments were treated with 0.25% trypsin in Tyrode's solution and then incubated with Kimura's insect medium at 25°C (13, 14) .
Examination of viral infection in primary cell cultures derived from WBPH by immunofluorescence microscopy. SRBSDV inocula for infecting VCMs derived from WBPHs were prepared from infected plants, essentially as described previously (13, 14) . VCMs growing on a coverslip and infected with SRBSDV were fixed in 4% paraformaldehyde 48 h postinoculation (p.i.), immunostained with P10-specific IgG conjugated to FITC (P10-FITC) and P9-1-specific IgG conjugated to rhodamine (P9-1-rhodamine), and then examined with a Leica TCS SP5 inverted confocal microscope, as described previously (30) .
Immunofluorescence detection of newly made viral RNA in primary cell cultures derived from WBPH. For determining whether the viroplasms are the sites of viral RNA synthesis, VCMs on a coverslip were either mock infected or infected with SRBSDV and then treated with actinomycin D (Sigma) for 1 h at 45 h p.i. and incubated with bromouridine 5=-triphosphate (BrUTP) for 2 h via the use of Cellfectin (Invitrogen). The samples were fixed 48 h p.i., stained with monoclonal anti-bromodeoxyuridine (anti-BrdU; Sigma), and then treated with antimouse IgG conjugated to FITC (Invitrogen) and P9-1-rhodamine for imaging with confocal microscopy, as described previously (30) .
Baculovirus expression of nonstructural proteins of SRBSDV. DNA fragments encoding full-length P9-1 and a carboxy-terminal (amino acids 346 though 368) deletion mutant (P9-1⌬C) were amplified by PCR. For the control, a DNA fragment of another nonstructural protein of SRBSDV, P7-1 (16), fused in frame with the sequence of Strep-tag II (P7-1-Strep-tag II), also was amplified by PCR. The products were purified and engineered into Gateway vector pDEST8 (Invitrogen) to generate plasmids pDEST8-P9-1, pDEST8-P9-1⌬C, and pDEST8-P7-1-Strep-tag II. The recombinant baculovirus vectors were introduced into E. coli DH10Bac (Invitrogen) for transposition into the bacmid. The recombinant bacmids were used to transfect Spodoptera frugiperda (Sf9) cells in the presence of Cellfectin. Sf9 cells, growing on a coverslip and infected with recombinant bacmids, were incubated for 72 h, fixed, and stained with the monoclonal anti-Strep-tag II (IBA) followed by Rhodamine antimouse IgG (Sigma) and P9-1-FITC for imaging with confocal microscopy as described previously (31) .
Effect of synthesized dsRNAs on viral infection in primary cell cultures derived from WBPH. We designed primers for PCR amplification of a 968-bp segment of the P9-1 gene and a 717-bp segment of a green fluorescence protein (GFP)-encoding gene as a control. The PCR products were used for dsRNA synthesis according to the protocol of a T7 RiboMAX Express RNAi System kit (Promega). VCMs were transfected with dsRNAs via Cellfectin, as reported by Rosa et al. (25) . Briefly, VCMs were transfected with dsRNA (0.5 g/l) from the P9-1 gene (dsP9-1) or from the GFP gene (dsGFP) via the use of Cellfectin (Invitrogen) for 12 h and grown further in growth medium. The basic procedure of small interfering RNA (siRNA) detection was carried out essentially as described previously (26) . Briefly, after a 72-h treatment with dsRNAs, total RNA was extracted from harvested VCMs. Digoxigenin (DIG)-labeled riboprobes corresponding to the negative-sense RNA of the P9-1 or GFP gene were generated with T7 RNA polymerase (Roche). Northern blotting was performed with a DIG Northern starter kit protocol (Roche).
For examining the effects of the dsRNAs on viral infection, after a 12-h treatment with dsRNAs, the VCMs were inoculated with SRBSDV and were fixed 3 days later with 4% paraformaldehyde and stained with P10-FITC and P9-1-rhodamine for visualization with confocal microscopy (30) .
Effect of synthesized dsRNAs on viral infection in insect vectors. A membrane-feeding approach for delivering dsRNAs to WBPHs was used. Second-instar nymphs of WBPH were fed with dsRNAs (0.5 g/l) diluted in an artificial diet, D-97, suitable for rearing planthoppers (8) . This mixed diet was held between two layers of stretched parafilm covering one open end of the chamber employed. The nymphs were maintained on the diets for 1 day, allowed a 2-day period of acquisition on SRBSDV-infected rice plants, and then placed on healthy rice seedlings. Total RNAs from WBPHs receiving the dsRNA diet or the artificial diet alone were extracted by the use of TRIzol reagent (Invitrogen). The effects of dsRNAs on the transcript levels of virus P9-1 and P10 genes were determined by RT-PCR. To determine whether the treatment of dsP9-1 inhibited viral replication in intact insects, at 2, 6, and 12 days post-first access to diseased plants (padp), we dissected internal organs from 50 WBPHs that received dsRNAs. The organs were then fixed, stained with P10-FITC, P9-1-rhodamine, and the actin dye phalloidin-Alexa Fluor 647 carboxylic acid (Invitrogen), and processed for immunofluorescence as described previously (2) .
Immunoelectron microscopy. VCMs or Sf9 cells on coverslips were fixed, dehydrated, embedded, and cut as described previously (30) . Cell sections were then incubated with antibodies against P9-1 or P10 and subjected to immunogold labeling with goat antibodies against rabbit IgG that had been conjugated with 15-nm-diameter gold particles (Sigma) (30) .
RESULTS

Establishment of primary cell cultures derived from WBPH.
To establish primary cell cultures derived from WBPH, embryos at the blastokinetic stage were sterilized, washed with Tyrode's solution, and crushed into tissue fragments, which were then treated with trypsin and incubated with growth medium. Migration of fibroblast-like cells from the tissue fragments of embryos at the blastokinetic stage were observed as early as 36 h after setting up the cultures. Our observations suggested that tissue fragments of embryos at this stage could be used as explants for the migration of cells. Within 7 days of explanting, fibroblast-like cells had become the dominant cell type (Fig. 1A) . Monolayers of epithelium-like cells started to form as cells migrated from the original explants at 9 to 12 days (Fig. 1B) . They continued growing to form large epithelium-like cell sheets after 40 days (Fig. 1C) . Our results indicated that the epithelium-like cells of WBPHs were able to selfpropagate in controlled growth environments and formed monolayers on the surface of culture flasks. Such monolayers of primary cell cultures of WBPH, VCMs, were used to study the functional role of P9-1 in the replication of SRBSDV.
Viral RNA and particles of SRBSDV accumulated in the viroplasm in virus-infected insect cell cultures. To study the localization of SRBSDV P9-1 and P10 proteins in virus-infected cells, we prepared the antibodies against these two proteins. In a Western blot analysis, the SRBSDV P9-1 and P10 antibodies recognized a 39.9-kDa and a 63-kDa protein, respectively (in accordance with the expected SRBSDV P9-1 and P10 proteins) present in protein extracts from infected rice plants (Fig. 2) . Furthermore, P10 antibodies, rather than P9-1 antibodies, reacted with proteins from purified viral particles, confirming that P10 is the major outer capsid protein and P9-1 is the nonstructural protein of SRBSDV (Fig. 2) . No reaction was observed with proteins from healthy plants (Fig. 2) , confirming that the SRBSDV P9-1 and P10 antibodies were able to specifically recognize the proteins produced after SRBSDV infection.
To study the replication of SRBSDV, we used immunofluorescence microscopy to observe the localization of P9-1 in virus- infected VCMs derived from WBPHs. VCMs on coverslip infected with SRBSDV were fixed 48 h p.i., stained with P10-FITC and P9-1-rhodamine, and then examined with confocal microscopy. In infected cells, P9-1 localized to punctate inclusions that colocalized with punctate inclusions of P10 in the cytoplasm (Fig. 3A) . P10 also formed additional punctate inclusions (Fig. 3A) . Our results suggested that the viral inclusions of P9-1 accumulated outer capsid proteins of SRBSDV during viral replication.
The detection of newly made RNA in virus-infected VCMs by immunofluorescence showed that the BrUTP-labeled RNA was distributed in punctate inclusions that colocalized with viral inclusions of P9-1 (Fig. 3B) . No reaction with special structures was observed in noninfected cells (Fig. 3B ). All these results suggested that viral inclusions of P9-1 were the sites of viral RNA synthesis.
To confirm our observations, we fixed infected VCMs at 48 h p.i. and examined them by immunoelectron microscopy using P9-1 and P10 antibodies. P9-1 antibodies specifically reacted with the matrix of the viroplasm (Fig. 3C and D) , corresponding to the viral inclusions of P9-1 seen with immunofluorescence (Fig. 3A) . This result suggested that SRBSDV P9-1 was a constituent of the matrix of viroplasm in virus-infected cells. Furthermore, viral particles that were distributed within the matrix of the viroplasm were specifically labeled by P10 antibodies (Fig. 3C and E) , suggesting that SRBSDV particles were assembled within the matrix during viral replication.
SRBSDV P9-1 was sufficient to induce formation of viroplasm-like structures in non-host insect cells.
Immunofluorescence staining of P9-1 in Sf9 cells revealed punctate inclusions within the cells at 72 h p.i. (Fig. 4A) . Furthermore, P9-1 specifically reacted with the granular inclusions, whose morphology was similar to that of the viroplasm matrix, as revealed by immunogold electron microscopy (Fig. 4B) . It has been shown that the carboxy-terminal portion of P9-1 of two other fijiviruses, i.e., RBSDV and Mal de Río Cuarto virus (MRCV), contained important domains required for the formation of viroplasm-like structures (1, 19) . To confirm a similar functional role for the carboxyterminal portion of SRBSDV in the formation of viroplasm-like structures, we generated a P9-1 mutant in which the C-terminal 20 residues were deleted (P9-1⌬C) and found that this mutant was diffusely distributed in the cytoplasm (Fig. 4C) , suggesting that the C terminus was required for the formation of viroplasm-like inclusions. Furthermore, another nonstructural protein, P7-1-Strep-tag II, formed tubule-like structures in Sf9 cells (Fig. 4D) , as described previously (18) , suggesting that the punctate inclusions formed by P9-1 were specific for this protein. No reaction with RNAi induced by dsRNAs from the P9-1 gene inhibited the assembly of viroplasms and viral infection in insect vector cell cultures. We then used an RNAi strategy to study the functional role of P9-1 in the viral replication cycle in VCMs. RNAi is induced by dsRNAs and manifested by the appearance of small interfering RNAs (siRNAs) that correspond to the mRNA target sequence (25) . VCMs were transfected with dsP9-1 or dsGFP via Cellfectin-based transfection. Small RNAs approximately 21 nt in length were detected from RNAs extracted from dsP9-1-or ds-GFP-transfected cells (Fig. 5A ) at 72 h after transfection with the synthesized dsRNAs. These results showed that RNAi was induced by dsRNAs in VCMs.
To determine whether treatment with dsP9-1 would inhibit viroplasm formation, 24 h after transfection with dsRNAs, we inoculated VCMs with SRBSDV and processed them for immunofluorescence. Immunofluorescence showed that the dsGFP treatment did not prevent formation of viroplasm staining by P9-1-rhodamine and accumulation of viral particles staining by P10-FITC ( Fig. 5B and C) . In contrast, the dsP9-1 treatment led to a nearly complete inhibition of viroplasm formation and viral particle accumulation (Fig. 5B to D) . These results suggested that the knockdown of P9-1 expression due to RNAi induced by dsP9-1 significantly inhibited viroplasm formation and viral infection in the VCMs.
Ingestion of dsRNAs from the P9-1 gene via membrane feeding knocked down P9-1 expression and strongly inhibited viral infection in intact WBPHs. Our results obtained using the in vitro VCM-based system implied that RNAi induced by dsP9-1 can be used to examine the functional role of P9-1 in intact insects in vivo.
The preliminary experiments showed that ingestion of dsRNAs via membrane feeding resulted in no phenotypic abnormalities in WBPHs (data not shown). The virus proliferates in the WBPH vector, and the insect becomes SRBSDV infective after a latent period of from 6 to 14 days (34) . The effects of dsRNAs on the transcript levels of P9-1 and P10 viral genes were determined by RT-PCR. At 12 days post-first access to diseased plants (padp), RT-PCR analyses showed that ca. 87% (n ϭ 100; 3 experiment repetitions) of WBPHs receiving dsGFP or diet alone contained the transcripts for P9-1 and P10 genes (Table 1 ). In contrast, ca. 11% (n ϭ 100; 3 experiment repetitions) of WBPHs that received dsP9-1 contained the transcripts for these two genes (Table 1) . These results confirmed that the P9-1 gene is susceptible to silencing by RNAi induced by dsP9-1 in vivo using a membrane-feeding approach.
To determine whether the treatment of dsP9-1 would inhibit viral replication in intact insects, at 2, 6, and 12 days padp, we stained the internal organs from 50 WBPHs that had received dsRNAs with P10-FITC, P9-1-rhodamine, and actin dye phalloidin-Alexa Fluor 647 carboxylic acid. At 2 days padp, P9-1 and P10 were restricted to a few epithelial cells of the midgut in 84% of WBPHs receiving dsGFP but in only 12% of those receiving dsP9-1 ( Fig. 6A and Table 2 ). The results suggested that the epithelial cells of the midgut were the initial entry site of SRBSDV. Furthermore, RNAi induced by dsP9-1 could specifically knock down P9-1 expression and significantly inhibit early SRBSDV infection in the epithelial cells of the midgut of the insect vectors. At 6 days padp, P9-1 and P10 were seen in an extensive area of the midgut in 83% of WBPHs receiving dsGFP but in only 6% of those receiving dsP9-1 ( Fig. 6B and Table 2 ). However, in 12% of WBPHs that received dsP9-1, P9-1 and P10 were still restricted to a limited area of the midgut (Fig. 6B and Table 2 ). Therefore, the a Second-instar nymphs of WBPHs were fed with dsP9-1 (0.5 g/l), dsGFP (0.5 g/ l), or diet alone for 1 day, allowed a 2-day acquisition access period on virus-infected rice plants, and then placed on healthy rice seedlings for 10 days. RNAi induced by dsP9-1 could inhibit efficient spread of virus from the initial infection site in the epithelial cells of the midgut. At 12 days padp, in 88% of the WBPHs receiving dsGFP, P9-1 and P10 were detected in an extensive area of the midgut and in the salivary glands of 78% of the insects (Fig. 6C and Table 2 ). However, much lower percentages of WBPHs that received dsP9-1 had P9-1 and P10 in the midgut, and none had the proteins in the salivary glands ( Fig. 6C and Table 2 ). No significant difference in a Second-instar nymphs of WBPHs were fed with dsP9-1 (0.5 g/l) or dsGFP (0.5 g/l) via membrane feeding and then maintained on a mixed diet for 1 day, allowed a 2-day acquisition access period on SRBSDV-infected rice plants, and then placed on healthy rice seedlings. Fifty individuals were tested in each group.
the numbers of positive samples was found between WBPHs that received dsGFP and those that received diet alone (data not shown). These results indicated that viral infection was restricted to the alimentary canal and that spread of virus to the salivary glands had been completely blocked in insect populations treated with dsP9-1.
DISCUSSION
VCMs enable us to study the molecular entities responsible for biological events during viral replication (30, 31) . In the present study, using VCMs derived from WBPHs, our cytopathological analysis revealed that P9-1 of SRBSDV was a component of the viroplasm matrix and, for the first time, provided direct evidence to show that newly synthesized viral RNA, outer-capsid structural proteins, and viral particles accumulated together within the matrix of viroplasms that are induced by fijivirus infection (Fig. 3) , confirming the hypothesis that the viroplasm is the site for the replication and assembly of fijiviruses. Our results extend the limited information from previous electron microscopic studies that showed that P9-1 of two other fijiviruses (RBSDV and MRCV) exclusively localized in the matrix of viroplasms in virus-infected cells (9, 12, 19) . With the evidence indicating that P9-1 alone was necessary for the formation of viroplasm-like structures in nonhost cells (Fig. 4) , our results suggest that P9-1 is the minimal viral factor required for viroplasm formation during SRBSDV infection.
To gain direct evidence that P9-1 plays a crucial role in viral replication, we used the RNAi strategy to knock down the expression of P9-1 in virus-infected VCMs and then analyzed its effect on viroplasm formation and viral infection. Because RNAi induced by dsRNA is a conserved sequence-specific gene silencing mechanism (6) and the sequences of P9-1 and other viral genes of SRBSDV had little homology (data not shown), we determined that the knockdown of P9-1 expression in VCMs was specifically caused by RNAi induced by dsP9-1. Our results indicated that the knockdown of P9-1 expression directly led to a significant loss in the function of P9-1 in the formation of viroplasms, with a significant simultaneous inhibition of the assembly of progeny virions within viroplasms in VCMs (Fig. 5) . These results indicate that P9-1 was essential for the formation of the viroplasm and viral replication.
As a persistently propagative plant virus, SRBSDV, after moving into the epithelial cells of the alimentary canal, must replicate and assemble progeny virions, which eventually spread to the salivary glands in its insect vector. Our results showed that the knockdown of P9-1 expression due to RNAi induced by ingestion of dsP9-1 strongly inhibited the early formation of viroplasms and accumulation of viral particles in the epithelial cells of the midgut, which resulted in limited spread of the virus from the initial infection site to additional tissues, including the salivary glands in the insect (Table 2 and Fig. 6 ). Due to the essential role of P9-1 in the biogenesis of the viroplasm as shown above, we determined that the slow spread of SRBSDV in the body of the dsP9-1-treated insects was directly caused by a significant loss in the functioning of P9-1 in the assembly of viroplasm, leading to strong inhibition of viral replication in its insect vector. Our efforts also demonstrated for the first time that RNAi activity was inducible in WBPH.
Previously, due to the lack of insect vector cell cultures and a reverse-genetics system in fijiviruses, no clear function of virusencoded proteins in the viral replicative cycle had been determined. In this study, the deployment of new biological tools, including VCMs derived from WBPH and RNAi induced by synthesized dsRNA in vitro and in vivo, helped overcome the lack of a reverse-genetics system in fijiviruses and advanced our understanding of SRBSDV-WBPH interactions. By combining these new approaches, the data demonstrated that P9-1 of SRBSDV is an essential protein for viral replication and suggested that this nonstructural protein may be a good target for disease control. In the viruses of family Reoviridae, RNAi of genes for viroplasm matrix proteins, including NS of mammalian reovirus (15) and NSP5 of rotavirus (17) , which are all orthologous to P9-1 of SRBSDV, had pleiotropic effects on the assembly of viroplasm and viral replication. Our results support the hypothesis that viroplasms play a pivotal role in replication of viruses in the family Reoviridae.
